This article presents computer modeling results for AC railroads power supply system modes. It considers various methods of connection of controlled reactive power sources (RPS). It is shown that the various problems of stabilizing the voltage levels in the traction network and reducing electrical energy losses can be solved. The computer-aided modeling indicates that to install RPS into all phases of traction substations is the best way to stabilize voltage levels in traction networks and reduce electrical energy losses. When the reactive power sources are present in the free phase, traction network losses increase in comparison with the option when the RPS are not present. The installation of sources in the retarding or leading phase allows stabilizing voltage in the load utilizing equipment, reducing losses and nonsymmetry in supply mains. The best option in terms of electrical energy losses is connecting the RPS to the leading phase. In terms of non-symmetry in supply mains, the best performance is produced when the RPS are installed in the retarding phase.
Introduction.
Some problems related to low power quality and low energy efficiency [1 -6] occur in AC railroads traction power supply systems (TPSS). These problems can be resolved using smart grids technologies with comprehensive facilities to control modes [7, 8] .
These facilities include reactive power sources (RPS), the application of which in TPSS is discussed in works [9 -16] . Results obtained in these works serve as a methodological basis to carry out further research aimed at the implementation of technologies of the effective use of controlled RPS in traction power supply systems.
Smart grid technology introduction is impossible without the development of the tools of modeling of TPSS modes equipped with active devices for controlling modes [2, 8] . The Fazonord software system designed in Irkutsk State Transport University can be used effectively as such a tool [3] . This article provides the results of modeling of TPSS modes based on this software with respect to the rational placement of adjustable RPS in traction networks.
Problem formulation.
Reactive power sources can be placed at different points of the traction network [16, 17] . Below are the modeling results and the comparative analysis of the TPSS efficiency, which use the following options of RPS installation ( Fig. 1 ):
1. without the RPS installation; 2. RPS at all terminals of the 27.5 kV traction substation (TS); 3. RPS in the retarding phase (ВС); 4. RPS in the leading phase (AС); 5. RPS in the free phase (AB). Reactive power generation and consumption limits were set from -5 to 5 Mvar for each RPS installation option.
Controlled sources of reactive power can be used to solve the following problems: 1. the stabilization of traction network (TN) voltage levels.
2. the reduction in electrical energy losses in TPSS and the external power supply system; 3. the reduction of non-symmetry at high voltage buses of traction substations;
The first problem is the most important for transport. Its formalized record can be represented in the following way:
while having limitations
where ( ) k j t U is the voltage on load utilizing equipment of the j th train in time moment k t , kV; Z j U is the voltage level set at the load utilizing equipment of the j th train, kV; F is the non-linear vectorfunction, corresponding to equations describing the k th mode of the TPSS instant scheme;
is the uncontrolled parameters' vector for the k th mode of the
... (1) can be performed based on the Fazonord software application [3] . For this purpose, swing-buses are set at RPS terminal points in terms of reactive power which correspond to the following equations [2, 3] : 
Modeling results.
The design model scheme corresponding to Fig.1 is shown in Fig. 2 . Maintaining voltage level of 27.5 kV at its terminal point is accepted as the aim of reactive power sources' control. During the modeling, the operation of five trains weighing 6,000 tonnes each was considered in even direction, and the same number of trains each weighing 3,200 tons were considered as moving in odd direction. The train schedule is shown in Fig. 3 . The current profiles of the trains are shown in Figs. 4 and 5.
RPS installation options were compared by the following parameters:
• voltage levels under the train load utilizing equipment ( Table 1 , Fig. 6 );
• non-symmetry coefficients for negative sequence at the high-voltage buses of the traction substations ( Fig. 2, Fig. 7 );
• losses in active energy in TPSS and the external power supply system (Table 3) ;
• powers generated (consumed) by RPS (Table 4 ). Table 1 data allows making the following inferences: the highest voltage fluctuations difference under the electric locomotive load utilizing equipment is observed in the absence of RPS.
Analysis of
the least voltage stabilization effect is observed when RPS are connected to AB linear voltage (in the free phase); the best stabilization effect is observed when three reactive power sources are installed (option 2 which is the most expensive). Figure 7 . Negative sequence non-symmetry coefficients at TS3 high-voltage buses: numbers designate RPS installation options Results provided in Table 2 and illustrated in Fig.7 indicate that it is the most expensive option No.2 that ensures the best effect in non-symmetry reduction at high voltage buses at the traction substations (maximum k2U is reduced to 3.1 %). When RPS are installed in the retarding phase, k2U coefficient maximum is reduced to 3.7 %. The growth in non-symmetry coefficient maximal value corresponds to option 4. A similar result is observed in option 5. The second option is the best in terms of electrical energy losses; in this case the total losses are reduced approximately by 9%. The 4 th option is characterized by a good performance yielding this index reduction by 5%. When RPS is installed in free phase, a little increase in losses occurs.
Reactive power generation (consumption) values are provided in Table 4 . Analysis of Table 4 data indicates that the broadest range for adjustment from -5 to +5 Mvar is required for option 2, whereas the least (from -2.7 to +5) is required for option 4. Contemporary multiagent control systems [1, 8, 18] make it possible to set more complicated RPS control tasks. To these one can refer the problem of RPS optimal setpoints choice, where RPS ensures electrical energy losses minimizing in traction network along with voltage (1) levels stabilization:
where s is the number of TN elements considered;
( ) 
Conclusion
The modeling method of traction power supply systems modes proposed in this article, where traction power supply systems are equipped with adjustable reactive power sources, can be used to solve the following urgent practical issues:
rational RPS arrangement in traction network; development of actions aimed at voltage levels stabilization under the electric locomotive load utilizing equipment;
enhancing power quality in 110-220 kV mains supplying traction substations; raising energy efficiency of traction power supply systems.
